The properties and roles of adenosine triphosphate (ATP)-hydrolyzing enzymes in the membrane of Vibrio parahaemolyticus were investigated. At least two (perhaps three) types of ATPhydrolyzing enzyme was present in everted membrane vesicles. The adenosine triphosphatase (ATPase) activity of one of the enzymes was sensitive to dicyclohexylcarbodiimide and the activity was lost when the membranes were washed with buffer containing ethylenediaminetetraacetic acid. This enzyme seems to be an H + -translocating ATPase. The other ATP-hydrolyzing activity was due to a tightly bound enzyme that could not be removed from the membranes by the washing. This enzyme required higher concentrations of Mg2+ (10 to 20 mm) and Cl -(100 mm) for maximal activity. Zn2+ strongly inhibited the activity. The substrate specificity of this enzyme activity showed that it was a 5 '-nucleotidase.
Membrane-bound adenosine triphosphatases (ATPases) play important roles in energy transduction and cation transport. The H -translocating ATPase is involved in adenosine triphosphate (ATP) synthesis and hydrolysis, both of which are coupled to H translocation across the membrane.1) The H +-translocating ATPase is believed to be the most fundamental type of ion-translocating ATPase, and to be ubiquitous in nature.2) A K + -translocating ATPase has been found in Escherichia coli membranes,3) and an Na+ -translocating (perhaps Na , K + -translocating)-ATPase in Streptococcus faecalis.4) Recently, a K + -ATPase, which has been called ktrl, has also been found in S. faecalis.5) Thus there may be other as yet unidentified cation(or anion)-translocating ATPase in microbial cell membranes.
We are interested in ion transport in Vibrio parahaemolyticus, which is a major cause of food poisoning in Japan. Although the pathogenicity of this organism is well understood,6) the physiological and biochemical properties have not been analyzed well. This organism requires about 0.2 M NaCl for maximal growth. We have reported that the respiratory chain of this organism extrudes Na + ,7) like that of V. alginolyticus.8) Influx of Na + 4-down the electrochemical potential is utilized to drive transport of nutrients in several species of Vibrio.7,9,10) Furthermore, influx of Na + is also utilized for ATP synthesis11) and flagella rotation in V. alginolyticus.12) Thus, the significance of Na + circulation in membrane energy transduction in Vibrio has been partly clarified. However, the significance of Cl-in membrane processes or energy transduction in V. parahaemolyticus is not well understood. There are many ion-translocating ATPase in biological membranes, and in this work we examined the characteristics of the ATP-hydrolyzing activities in the membrane fraction of V. parahaemolyticus in order to obtain information on the roles of the enzymes. centrations than 100 mM.
Among the divalent cations tested, Mg2+ , Ca2+ and Co2+ stimulated the ATPhydrolyzing activity to almost the same extent at 2 mm (Table II) . On the other hand, Mg2 + caused great stimulation, Ca2+ and Mn2+ considerable stimulation, and Co2+ slight stimulation at concentrations of 20 mM.
The ATP-hydrolyzing activity observed at 20 mm Mg2+ was strongly inhibited by Zn2 (Fig. 4) . We also observed inhibition by Ni2+ (data not shown). The inhibition by Zn2 was greater than that by Ni2+, 50 % inhibition being observed at about 0.1 mm Zn2 and 4 mm Ni2+. The ATPase activity observed at 2 mm Mg2+ was insensitive to Zn2 and Ni2+ (data not shown).
Substrate Specificity
Since the ATP-hydrolyzing activity observed at 10 to 20 mm Mg2+ was stimulated by Cl , this activity seemed to be that of anion-stimulated 5'-nucleotidase which has been reported in V. alginolyticus.17) Very similar membrane-bound 5'-nucleotidase has been reported in V. costicola.18) Thus, we tested the substrate specificity of the enzyme. With 20 mm Mg2+ , ATP, guanosine triphosphate (GTP), uridine triphosphate (UTP) and cytidine triphosphate (CTP) (ATP > GTP > UTP > CTP) were all hydrolyzed, and adenosine di- phosphate (ADP) and adenosine monophosphate (AMP) were also hydrolyzed (Table III) . Although all the 5'-nucleotides tested were hydrolyzed, 3'-nucleotide was not. Therefore, we concluded that the ATP-hydrolyzing activity observed at 10 to 20 mm Mg2+ was mostly due to anion (C1-)-stimulated 5'-nucleotidase.
Discussion
The respiratory chain of Vibrio extrudes both H + and Na .8) We reported previously that H +-translocating ATPase is present in cell membranes of V. parahaemolyticus.7) Thus, it seemed that respiration-linked ATP synthesis catalyzed by the H -translocating ATPase occurs in this organism too. As described in this paper, the properties of this ATPase were similar to those of the H -translocating ATPase of E. coli; namely, the enzyme required Mg2+, and was inhibited by DCCD, and the activity was lost from the membranes when the membranes were washed with buffer containing EDT4.
We thought that there might be an Na +-translocating ATPase in addition to the Fl+ -translocating ATPase in the membranes of V. parahaemolyticus, and that it might synthesize ATP by using the electrochemical potential of Na + established by the respiratory chain or the Na+ / H+ antiporter, which is able to convert an electrochemical potential of H to that of Na+. If such an Na +-translocating ATPase is present in membranes of this organism, the membrane-bound ATPase activity should be stimulated by Na+ In fact, we detected some membrane-bound ATPase activity at 2 mm Mg2+, that was stimulated by Na . Although it showed rather broad ion specificity, the ATP-hydrolyzing activity was obviously higher in the presence of Na + than of other monovalent cations (Table I , at 2 mm Mg2+). Its activity was lower in the presence of NaNO3, suggesting that NO3-was inhibitory. Since the Fl+ -translocating ATPase functions well at 2 mm Mg2+ , most of the ATP-hydrolyzing activity observed at this Mg2+ concentration seems to be due to this enzyme. However, the fact that DCCD inhibited only 50 60 % of the ATPase activity at 2 mm Mg2+ suggests the presence of some other ATPase(s). Very recently, Dibrov et al. reported the presence of "Na + -ATPsynthase" in V. alginolyticus.") They observed Na +-driven ATP synthesis. However, the biochemical properties of the "Na+-ATP-synthase" are not known. Thus, the presence of Na -ATPase in V. parahaemolyticus seems to be likely. However, it is difficult to characterize such an ATPase even if it is present, because V. parahaemolyticus membranes have very strong ATP-hydrolyzing activity due to Cl --stimulated 5'-nucleotidase. Therefore, we are now trying to isolate mutants defective in Cl--stimulated 5'-nucleotidase to characterize the Nat-stimulated ATPase. We are also testing whether or not ATP is synthesized when an artificial electrochemical potential due to Na + is imposed across the cell membrane of V. parahaemolyticus.
We observed the 5'-nucleotidase activity in both everted membrane vesicles and whole cells of V. parahaemolyticus (manuscript in preparation). It has been reported in V. costicola that 5'-nucleotidase is measurable with whole cells.19) The outwardly-oriented 5'-nucleotidase and the inwardly-oriented 5'-nucleotidase seem to be the same enzyme, because they showed very similar properties, Cr-dependency, Mg2+ -dependency, substrate specificity and effect of inhibitors. This suggests that the substrate could reach the catalytic site of the enzyme from either side of the membrane, because it is unreasonable to suppose that ATP, a substrate of the enzyme, can penetrate through the cell membrane of this organism. We found previously that membranes prepared by the French press method are everted vesicles.7) It is unlikely that they are a mixture of everted and right-side-out membrane vesicles, because their ATPhydrolyzing activity was not increased when they were made permeable by toluene treatment (data not shown). Thus, ATP and other 5'-nucleotides may be hydrolyzed by the 5'-nucleotidase even at the inner surface of the cytoplasmic membrane, although if so, there must be a proper control mechanism to prevent waste of 5'-nucleotides. The outwardly-oriented 5'-nucleotidase activity seems to be involved in utilization of extracellular ATP and other nucleotides. This enzyme cleaves 5'-nucleotides to nucleosides, and then nucleosides would be taken up by the cells. It should be pointed out that 5'-nucleotides have been reported to be present in sea water, although at low level. 20) Why is the Cl--stimulated 5'-nucleotidase an integral membrane protein? What is the role of inwardly-oriented 5'-nucleotidase activity? One possibility is that this 5'-nucleotidase functions as a Cl-pump which utilizes intracellular 5'-nucleotides, perhaps ATP. Another possibility is an involvement of this enzyme in metabolism of 5'-nucleotides on the cytoplasmic side. We characterized the 5'-nucleotidase in V. parahaemolyticus to obtain insight into the role of Cl -in membrane processes in this microorganism. Transport of Clmay take place as a result of hydrolysis of 5'-nucleotides, especially ATP, because many iontranslocating ATPases are known in biological membranes, and these ATPases are stimulated by the ions transported. Studies are required on Cl -transport as well as Na + transport in Vibrio, because this organism requires NaCl for growth. Our preliminary results indicated that V. parahaemolyticus has a C1-transport system(s) (unpublished observation). We are now investigating the relationship between Cl -transport and the Cl--stimulated 5'-nucleotidase.
The ATP-hydrolyzing activity of membranes (specific activity expressed as units/mg protein) of V. parahaemolyticus varied from membrane preparation to preparation. This suggests the presence of several types of ATPase with different properties (stability, activation or inhibition by various factors, inducibility and so on). It is important to characterize these membrane ATPases of V. parahaemolyticus to get insight into their roles and into the membrane energetics of this organism.
